This thesis proposes a new methodology to determine quality parameters of meat products (Iberian loin and ham) in a non-destructive way.
Introduction
Iberian dry-cured meat products are highly appreciated by consumers all over the world. Quality attributes of Iberian dry-cured meat products depend on the characteristics of the raw material and the processing conditions.
Traditional methods for evaluating the quality characteristics of Iberian dry-cured meat products throughout the whole processing are tedious and time-consuming, and involve the destruction of the pieces for carrying out the analysis. The use of non-destructive techniques, such as Charge-Coupled Device Cameras (CCD), Computed Tomography (CT) and MRI have been suggested as an alternative to conventional methods.
MRI is a non-destructive, non-invasive, non-ionizing and innocuous technique. Different acquisition sequences of MRI, such as SE, GE and T3D [1] and they can be weighted with different spin lattice relaxation time, T1 and T2 [2] . The most widely applied combination in the scientific literature is SE as acquisition sequence and T1 as a relaxation time.
For analysing the obtained images, all these studies have applied classical texture algorithm [3] [4] . Most of these studies on MRI used common statistical tools, such as Pearson's correlations coefficients or principal components analysis [3] [4] .
Recently, some data mining techniques have been tested to predict some quality attributes of meat products [5] [6] . Data mining is one of the steps of a larger process known as knowledge discovery in databases (KDD) [7] .
From the described approach, this thesis seeks to advance in three ways: image acquisition, image analysis by using computer vision techniques and data treatments, being the main objective:
The proposal of a new methodology based on the use of MRI, the development of new algorithms for the image analysis, and the application of data mining techniques in order to determine quality characteristics of meat products in a non-destructive way.
Motivation
This thesis is developed in a multidisciplinary scope, continuing the research field "Characterizing meat products throughout Magnetic Resonance Imaging (MRI) analysis" between researchers of the Media Engineering Group (GIM) from School of Technology and researchers of the Technology and Quality of Food (TECAL) from the Faculty of Veterinary Medicine, both from the University of Extremadura.
The link between this two groups focuses on the use of MRI for the study of the quality characteristics of meat products of non-destructive way, approaching this research from two areas of complementary knowledge.
This line of interdisciplinary research is defined by the progress in three ways: acquisition of MRI, image analysis by means of computer vision techniques and data processing.
Contribution
The main contribution of this thesis is the development of two new computer vision algorithms: FTA [8] and OPFTA [9] . They allow analysing MRI images, properly, noting OPFTA for its simplicity and lower computational cost.
The new methodology developed in this doctoral thesis was initially applied for researching purposes. But, currently, this methodology of analysis is offered to the industry by an external service of the University of Extremadura (Animal Source Foodstuffs Innovation Services -SiPA-).
Brief method
The general procedure consists of obtaining MRI of meat products, and applying different computer vision algorithms (texture and fractal approaches, mainly), which allow the extraction of sets of computational features. Figure 1 shows the design of the proposed procedure.
To achieve this, different research has been done, based on: At the same time that the MRI are analysed, the Iberian loin and ham were also analysed by means of physico-chemical and sensory techniques. Databases were constructed with all these data. Different data mining techniques were applied on them: deductive (MLR) [10] , classification (DT and RBS) [11] and prediction techniques (IR and MLR) [12] [13] [14] [15] .
Brief results
Two new algorithms have been developed in this thesis, FTA [8] and OPFTA [9] . Both of them show better coefficient results than texture and CFA algorithms, noting OPFTA for its simplicity and lower computational cost.
The accuracy of the analysis of the quality parameters of Iberian ham and loin is affected by the MRI acquisition sequence, the algorithm used to analyse them and the data mining technique applied. Considering the data mining techniques, MLR and DT are appropriate, respectively, to deduce physico-chemical parameters of hams [10] , and to classify as a function of salt content in hams [11] . Regarding to the predictive technique, MLR allows obtaining equations to determine the physico-chemical characteristics and sensory attributes of Iberian hams [12] and loins [13] [14] [15] with a high degree of reliability, and analysing the quality of these meat products in a non-destructive, efficient, effective and accurate way.
Conclusions
The main conclusion from this thesis has been the proposal of a methodology to determine quality characteristics of meat products (Iberian loin and ham) in a non-destructive way. This has been achieved by using MRI of meat products, processing the MRI by applying different algorithms and analysing the obtained data by means of data mining techniques. In particular, the application consists of using of SE as MRI acquisition sequence, GLCM or OPFTA as image analysis algorithm and MLR as data mining technique, in order to obtain prediction equations of physico-chemical characteristics and sensory attributes of Iberian loins and hams with a high degree of reliability. In this way, the quality of these products is determined in a non-destructive, fast and accurate way.
